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ABSTRACT

lES 1927+6.54 is an active galactic nucleus (AGN) tbat appears to defy the unification model.
It exhibits a type-2 optical spectrum, but possesses litrle X-ray obscuration. XJ'vfM--Newton
and Suzaku observations obtained in 201l are used ro srudy the X-ray properties of l ES
1927+654. The spectral energy distribution derived from simultaneous optical-to-X-ray data
obtained with XMM---Newton shows that the AGN has a typical Eddington ratio (L/LEctd =
0.014 ·-- 0.11). The X-ray spectrum and rapid variability are consistent with originating from
a corona surrounding a standard accretion disc. Partial covering models can describe the
X-ray data: however, the narrow Fe Ko: emission line predicted from standard photoelectric
absorption is nor detected. Ionized partial covering also favours a high-velocity outflow (v ;:.-;
0.3c). which requires the kinetic luminosity of the wind ro be ?:;30 per cent of t.he bolometric
luminosity of the AGN. Such values are not unusual, but for lES 1927+654 it requires thar the
wind is launched very close to the black hole ('~ 10 rg). Blurred reflection models also work
well at describing the spectral and timing properties of 1ES 1927 +654 if the AGN is viewed
nearly edge-on, implying that an inner accretion disc must be present. The high inclination
is intriguing as it suggests 1ES 1927+654 could be orientated like a Seyfert 2, in agreement
with its optical classification, but viewed through a tenuous torus.

Key words: galaxies: active-galaxies: individual: 1ES 1927+654-galaxies: nuclei.

l INTRODUCTION
Previous Chandra and ROS~4T observations of the active galactic
nucleus (AGN) lES 1927+654 (z = 0.017) found that it did not fit
within the standard AGN unifkation model (Boller et al. 2003, hereafter B03). lts optical spectrum is deficient of the broad emission
lines associated with unabsorbed Seyfert 1 (Syl) galaxies, but its
X-ray spectrum lacks the absorption associa1ed with Seyfert 2 (Sy2)
galaxies. B03 provided a number of possible explanations including
an underluminous broad line region (BLR): an x. ray absorber that
is optically thick possibly with a higher than usual dust-to-gas ratio;
partial covering absorption: or that lES 1927 +654 was highly variable, and misclassified due to non-simultaneous X-ray and optical
observations. Such 'changing look' AGN have been previously observed (e.g. Mat1, Cluainazzi & Maiolino 2003: Bianchi et al. 2005),
but simultaneous X-ray and optical observations by Panessa et al. (in
preparation) show that this is not the case for lES 1927 +654 and
that 1he AGN is a true optical type 2 (e.g. Bim1chi et al. 2008;
Panessa et al. 2009; Bianchi et al. 2012). Several objects that
exhibited this non .. standard behaviour have been discovered (e.g.
*E-mail: lgallo@ap.smu.ca

Panessa & Bassani 2002; Balestra et al. 200.5: Mateos et al. 2005;
Gallo et al. 2006) demonstrating that such objects may not be unusual. Panessa & Bassa,'li (2002) speculate that as many as ~~ !() ..
30 per cent of optically selected type 2 AGN could exhibit such
unorthodox behaviour in X-rays (see also Trouille et al. 2009).
Nicas1m (2000) considered the possibility of a class of objec1s
that are truly void of a BLR (i.e. true Sy2s). Assuming that the
BLR is a wind fonned in a region of accretion disc instabilities
where the disc changes from radiation-pressure dominated to gaspressure dominated, the radius at which this occurs depends on the
accre1ion rate and will decrease as the accretion rate falls. Once
the accretion rate becomes sufficiently low this radius will not
be conducive to stable orbits, the wind will cease, and the BLR
vvill fade, This is compatible wit.l-t an evolutionary scenario proposed by Wang & Zhang (2007), in which they postulate that non ..
hidden broad line region (non-HBLR) Sy2 galaxies, vvithout absorption, are the end state of AGN development. These galaxies would
have the most massive AGNs vvith the lowest accretion rates. It is
worth mentioning that the three confmned tme type 2 AGN (NGC
3147, NGC 3660, Q 2131 --- 427) all have low Eddington ratios
(Bianchi et al. 2012). Tran, Lyke & Mader (2011) propose lES
1927 -t-654 is such an objec1.
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l ES 1927 +654 may appear atypical even amongst this unusual
class. ln the X-rays, Boller (2000) found the object possessed a steep
ROSAT speclmm and large--amplitude vmiability similar to narrow··
line Seyfert 1 galaxies (l'<LS ls l, which m·e normally associated witl-t
high Edding1on ratios. Even Nicastro, Marlocchia & Matt (2003)
likened lES 1927+6541o an NloS1. Wang e1 al. (2012) proposed
that lES 1927+654 could be a young AGN that has nor yet had
time to develop a BLR. and predic1 that such objects should be
distinguished by high Eddington ratios.
ln this work, we examine the X-ray properties of lES 1927+654
ma.king use of non-simultaneous Xlv1A1-Newton and Suzaku data
obtained in 20ll in order to detennine if the X-rays can elucidate
the nature of l ES 1927+6.54. VV11ile the AGN \Vas discovered in 1he
Einstein survey and observed with ROSAT and the Chandra LETG
(B03), these mos1 recent observations are the highest quality data
obtained to date of lES 1927+654 above '~2 keV In the next seclion, we describe the observations and data processing. [n Sec1ion 3,
we fi1 the X-ray spec1ra of l ES 1927 +654 with traditional models
in order to compare with other AGNs, and in Section 4, we model
the UV-to-X-ray spectral energy distribution (SED). We use 1his
information in Section 5 to consider physical motivated spectral
models for 1he X-ray emission. The X--ray variability over the past
20 years, as well as the shorter time-scales during the Suz.aku and
XA1M--Ne">l'ton observations. are exmnined in Section 6. We discuss
our results and conclusions in Sections 7 and 8, respectively.

2 OBSERVATIONS AND DATA REDUCTION
IES 1927 -t-654 was observed wi1h ,)·u:::.a!w (Mitsuda e1 al. 2007)
and Xi'VJM-Newton (Jansen et al. 2001) starting on 2011 April 16
and May 20, respectively. The duration of the Su::aku observation
was 122 ks and that of the XA·IM-Newton observation was 29 ks. A
summm·y of the observations is provided in Table 1.
Tbe EPlC pn (Stri.ider et al. 2001) and MOS (MOSl and MOS2;
Turner et al, 2001 l cameras vvere operated in small-window and fullwindow modes, respectively. and with the thin fliter in place. Tbe
Reflection Grating Spectrometers (RGS 1 and RGS2; den Herder
et al. 2001) and the Optical Monitor (OM; Masoner al. 200 l) also
collected data during 1his time.
The X.Mlv!-Newton Observation Data Files (ODFs) from all observations were processed to produce calibrated event lists using
Table L Suzaku and XAfM--Nnvton observation logs for lES 1927-t-654.
The start date of the observation is given in colurrm (1). The telescope
and instrument used is shown in columns (2) and (31, respectively. Column
(4) is the ID corresponding to the observations. G-ood exposure tjme and
source co-unts (conected for backgrou.ad) are ghT::n h1 columns (5) and (6),
respectively. For the EPIC insLruments u'le counts correspond to t.>te 0.3-J 0 ke V band. For the RGS the counts con·espond to the 0.3--2 ke V hand.
The values for the Suz.aku CCDs are ia..'-_en ln the 0.7 -L5 and 2.5--lOkeV
band.
(1)

(2)

Start dale
(year-nnn-dd)

Telescope

20ll-04-J6

SuZ,aku

Hl
F1
PIN

706006010

20Jl-05-20

Xlk!!Yf-]"lewton

PN

0671860?01

(3)

(4)

(5)

(6)

Instrument Observation lD Expo:mrc Counts
(s)

MOSJ
MOS2
RGSl
HGS2

7J B\lO
7J 900
74 330
19 750
28 010
28 030
28 480
28 520

40 611
60 132

NA
99 132
35 096
34 728
4814
5356

the XlviM-Newton Science Analysis System (sAs v12.0.0). EPlC
response matrices were generated using the SAS tasks ARFGEN and
R.JVJFGEN. Light curves were ex1racled from these event lists to search
for periods of high background flaring, which was deemed negligible. The to1al amount of good pnexposure is listed in Table l. Source
photons vvere extracted from a circular region 35 arcsec across and
centred on the source. Pile up was examined for and determined to
be unimportant. The background photons were extracted from an
off-source region on the same CCD.
Single and double events were selected for the pn de1ector, and
single-quadmple events vvere selected for the MOS_ The MOS and
pn data at eacb epoch are compared for consistency and determined
to be in agreement within known uncertainties (Guainazzi 2010)_
The RGS spectra were extracted using the SAS task RGSPROC
and response ma1rices were generated using RGSR.HFGEN. The OM
operated in imaging mode and collected data in the V U'v1'Vl, and
UVlvl2 fllters.
During the Suzaku observation. the two fron1-illuminated (FI)
CCDs (XlSO and XIS3), the back-illuminated (BI) CCD (XIS l),
and the HXD--PlN all functioned normally and collected data. The
target was observed in the XIS-nominal position.
Cleaned even1 files from version2 processed data were used in tbe
analysis and data products were extracted using xselect. For each
XlS chip, source counts were extracted from a 4 arcmin circular
region centred on the targe1. Background counts were taken from
smTounding regions on the chip. Response files (rmf m1d arf) were
generated using xisrmfgen and xissimarfgen.
After examining for consistency, t~e data from tl-te XIS-FI vvere
combined to create a single spectrum.
The PIN spectmm was ex1rac1ed from the HXD data following
standard procedures. A non-X-ray background (NXB) Jile corresponding to 1he observa1ion was obtained 1o generate good--time
interval common to t~e data and NXB. The data were also corrected
for detec1or dead time. The resuliing PlN exposure was 74 330 s.
The cosmic X-ray background (CXB) was modelled using the provided flat response files. The CXB artd NXB background ftles were
combined to create the PIN background spectmm. Examination of
the PIN data yielded no detection of the AGN.
All parameters are repor1ed in tbe rest frame of 1he source unless specified otherwise. The quoted errors on the model parameters correspond to a 90 per cent confidence level for one interesting parameter (i.e. a t).X 2 "" 2.7 c1itetion). A value for the
Galactic column density towards lES l927+654 of 6.87 x
1020 cm- 2 (Kalberla e1 al. 2005) is adopted in all of the spectral fits
and solar abundances from Anders & Grevesse (1989! m·e assumed
tmless stated o1herwise (see Section 5.1). K--corrected luminosities
are calculated using a Hubble constant of H 0 "" 70km s-i Mpc- 1
and a standard flat cosmology with nM = 0.3 and n~, = 0.7.

3 CHARACTERIZING THE X-RAY SPECTRA
In this section, vve attempt to characterize the X-ray spectra of 1ES
1927+654 witb traditional phenomenological models. initially, tbe
spectra from a111he Su:::.aim and }(/'VIM-Newton CCDs were fit1ed
separately. It was found that XMM--Ne;vton pn data agreed well
with tbe MOS data. Similarly, it was found that the data from tbe
Suzaku FI detectors agreed well with data from tl-te BI CCD. Since
all the data agreed within the calibration unce;tainties. we present
only the XMM-Newton pn and Suzaku FI spectra for multi-epoch
comparison artd for the ease of presentation. Due to uncertainties in
the calibration, the FI data are ignored below 0.7 keV and between
l.S and 2.5 ke V. In general, given the AGN spectmm is rather steep
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Observed Energy (keV)
J<"igure 1. The XMM-Newton pn (black) and Su~aku FJ (red) spectra corrected for instrumental differences. Both spectra ex.>tibit a steep slope and a
drop at low energies, likely from absorption in addition to Galactic levels.

the data quickly become noisy at higher energies. This seems to be
the main cause of the increased residuals above ~7 ke V. The Su;:aku
data above 9keV become completely background dominated and
are consequently ignored. The pn data are used between 0.3 and
lOkeV.
For comparison, tl-te pn and FI spectra are shown in Fig. 1 corrected for instrumental differences. The spectra are comparable at
both epochs except that the Suzaku spectmm appears slightly flatter
and dimmer. Both spectra show a drop at lower energies commensurate with some level of absorption in addition to Galactic.

3.1 The 2.5-10 keV band
Fitting the 2.5--lOkeV band at each epoch wilh a single power
law modified by the Galactic column density resulted in a good
fit (X~ = 0.99). The photon indices were r ;::~ 2.41 and r ;::~
2.27 for the pn and H, respectively. lf the X--ray spectra were
highly absorbed like in typical Sy2s one would predict a strong
narrow Fe KtY feature at around 6.4keV; however, the residuals
show no deviations around this ba.'1d. Adding a narrow (a '" leV)
Gaussian profile at 6.4keV to the model did not provide a significant improvement The upper-limit on the flux of the narrow feature
is <9.39 x w-ls ergcm-· 2 s-·l, corresponding to an upper-limit on
the equivalent width of EW < 30 e V and EW < 28 e V for pn and Fl,
respectively. Allowing the width and energy of the Gaussian profile
to vary freely did not improve the fit over the simple power law.

3.2 The broad-band X-ray spectra
When the 2.5-lOkeV power-law fit from Section 3.1 is extrapolated
to lower energies, a clear soft excess is evident below r~2 keY (Fig. 2
top panel).
Adding a blackbody component worked well to describe the
data. Since the pn data extend to lower energies than the FI data,
the blackbody temperature was linked between the two epochs, but

10

Observed Energy (keV)

F'igure 2~ Top panel: the resjduals remajning vvhen fitting a power Jav..r
absorbed by G-alactic column density to the 2.5-10 keV band a..-r:ld extrapolating to 0.3 keV A soft excess below ~-2 keV is revealed, which is then
rnoditied at energies below ~0<7 keV< Lo\ver paneL [he residuals after the
addition of blackbody modified by additional absorption.

all other parameters were allowed to vary. The fit was statistically
acceptable with x~ jd.o.f. = 1.01/1226. Replacing the blackbody
with a second power law (i.e. a double power law) or refitting the
spectra with a broken power law generated poorer fits (x:: jcLo.f. ""
2.20/ l226 and 1.20/1227, for the double power law and broken
power lavv, respectively).
Although reasonable fits were possible, in particular with the
blackbody plus power--law model, all three models showed a drop
in t~e residuals at energies below about 0.5 keY. The addition of a
neutral absorber intrinsic to the host galaxy (ztbabs) improved
the residuals in all cases. The level of absorption was modest
( ~5-10 x l020 crn- 2 ) and it was in line wilh what was reported with
ROSAT observations (B03), whic:b were sensitive to even lower en-ergies t~an tl-te pn. T11e parameters are reported for each model in
1!Jble 2. The residuals from the best--J]tting blackbody plus powerlaw model are shown in Fig. 2 (lovver panel). The observed 0.3-2 ke V and 2-10 keV fluxes during the XM!\-1--Ne>vton observation
are 6.8 and 3.7 x w-i 2 ergcm- 2 s-i, respectively. The intrinsic 2-10keV luminosity, corrected for absorption in the Galaxy and host
galaxy, is L '" 2.4 x l(J'~ 2 ergs --l during the XiV[l\1!--Newton obser-V;.1tlon.

3.3 RGS data
The small level of cold absorption evident in the CCD spectra motivated investigation at higher spectral resolution with the XMM-Nevdon RGS data. The RGS data between 0.4 2.0 keV were ex-amined 100 channel at a time and fitted vvith a simple power law
(cmTected for Galactic absorption). A Gaussian profile was used to
examine for possible nmTmv emission and absorption features. A
potential absm1nion feature was found around 0.85 ke V, but was not
constrained in the error analysis. No other features were detected
vvithin the available signal-to-noise.
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'fabh~ 2~ Results fro1n tittjngXLHlvi-_Newtoli and Su;:aku spectra vvith traditkHtal rnodels< The broad-band
X-ray model is stated in column (1). The model components and parameters are shown in columns (2)
and (3 ), respectively. The paran1eter values during the XlVli\1---lYewton and Suu;ku epochs are reported
in colu1nns ~4) and (5), respectively. Obs.erved fluxes are reported for each cornponent in units of
xHr- 12 ergcn1-- 2 s--l over the 0.3--lOkeV band except in the case of the broken povver-bw n1odel

where fluxes are reported above and bekJ\V the break energy. Par3Jneters that ase linked between epochs

are only reported in one column. The Galactic column density has been included in all models.
(3)

(J)

(5)

Model

1\1ode l component

Jviodel parameter

X}vf.!11---h'ewton

Broken power law

Intrinsic absorption

_IVu (em - 2 )

Power lwN

r;

1.24 ± 0.08 X 1021
3.30 ± fJ.06
25.3 ± 0.1
1.82 ± 0.07
2.47 ± 0.04
4.06 ± 0.02
J.lljl226

Flux
E 0 (keV)

r2

Flux
Fit quality

Double power law

x,i:Jd.o.f.

21.3

± 0.3

3.99

± 0.03

20.6

± 0.2

Intrinsic Absorption
Power Jaw l

3AO'~if

r
Flux

Power law 2

Blackbody plus
po\ver lavv

Suu;ku

r

1.49:+:/:16

160:+:~:\

3.13±0.10
1.23/] 225

4.06 ± fJ.lO

xC/d.o,f.

Intrinsic absorption
Povver law

r

2.58

Flux
kT keV)

Flux
Fit quality

± 0.2

Flux
Fit quality

Blackbody

26.2

± f).O]

X 1020

2.39'0.ll4
3.35 ± 0.06
0.170 ± 0.005
12.36 ± 0.09
0.97/1225

2.27°'0.\)4
2.75 ± 0.10

10.7

± O.l

4 OPTICAL-TO-X-RAY SPECTRAL ENERGY
DlSTRHHJTlON
We construct a broad--band SED using the XlriM--Nevl'ton pn
and OM data along vvith the Suzaku FI data (Fig. 3). The OM
points are corrected for Galactic dust extinction [E(B - V)G, 1 =
0.087 ct_ 0.003] (SchlegeL Finkbeiner & Davis 1998) 1 before fitting in XSPEC. \Ve follow the procedure of Vasudevan et al. (2009)
for constmcting the SED, using the xspec model combination
ZDlJST(DISKPNJ+ZTBABS(BKNPOWER), to allow for opticaJ/lJV reddening as well as X-ray absorption obscuring the intrinsic accretion disc
and power-law emission, respectively. The power law fails in the
UV where the elise dominates. We include an intrinsic (host galaxy)
dust reddening component of E(B --- V') '" 0.55, corresponding to the
upper limiting intrinsic extinctionAv of 1.71 identified in B03 from
thel:J,jf-fp line ratio, using the standard relation E(B --- Vl '" Av/Rv
and assuming Rv '" 3.1. We freeze the normalization of the DJSKPN
model using the black bole mass estimate of log(MBfdMson) =
7.34 from Tran et al. (2011 ), and assume an accretion disc extending close to the innermost stable orbit, down to 6 Rg- The photon
index of the power Jaw in the 2 l 0 ke V regime is fixed at 2.3,
as found from t~e analysis in Section 3.2. Under these assumptions, we obtain a bolometric (absorption-corrected) luminosity of
3.0 10'~ 4 ergs- 1 (integrated between 0.001 and 100 keV), and
find that at least.S:1 per cent of this pmver is ahsorhed hy dust. These
assumptions yield an Eddington ratio of O.ll, larger than the value
of 0.006 estimated from Tran et al. (2011) due to the extra disc
contribution extrapolated here into the unobservable t!Jr· UV. l f we
consider an alternate disc geometry vvhere the disc is truncated

1

http://irsa.ipac.caltech.edu/applicationsiDUSTi

f"igm:l' 3. SED for lES 192.7+654, hom XMM-Newton PN and OM data
and Suzaku PI data (black filled points). The dashed line shows an accretion disc and broken povver-bw n1odel fitted with dust extinction in the
optic3J-UV and photoelectric absorption jn_ _X-rays, and the soUd Hne sho\vs
the unabsorbed fit (with dust reddening and absorption set to zero). with
a pron1inent unobservable accretion disc component. The dot--dashed Hne
shows a shnple power-la\v extrapolation fro1n X-rays down to optical wavelengths.

JES 1927+654: a bare Seyfert 2
further out from the black hole (at, e.g. 60 Rg), we find that the
Eddington ratio reduces to 0.046 (with 80 per cent of the bolo metric
flux absorbed by dust reddening), but is still well above the Tran
et al. estimate. If we simply extrapolate a povver law from the X-rays
down to the optical and UY, discarding any contribution from the
disc a11d integrate over the same range, we find a lower limit to the
Eddington ratio of0.014. I1 is also possible that the optical/lJV Jiux
is not from a e<u1onical accretion disc, but we do not explore that
possibility further here.
Overall, this implies that the accretion rate of the object (0.014
0.11) is in between the \l.lang et aL and Tran et aJ. estimates, regardless of the type of geometry we assume for the accretion disc. A
substantial fraction of the intrinsic luminosity is probably absorbed
by dust (between 50 and 80percent). We have not attempted a
host-galaxy light correction to the XMM OM fluxes, but this would
serve to push t~e tme bolometric luminosity down and reduce the
Eddington accretion rate from the values seen here. The optical
images reveal a crowded field, so a more refined analysis may be
needed to more accurately estimate the bolometric luminosity and
Eddington ratio.

5 MI.JLTI-EPOCU SPECTRAL ANALYSIS
OF lES 1927+654
Based on our phenomenological approach in Section 3, there are
only slight di!l'erences between the Xl\!fi'vl--Newton and Suzaku data
sets (Table 2). [n this section, we attempt to model the two broadband X-ray data sets simultaneously and in a self-consistent manner
vvhile testing more physically motivated models. For example, while
the blackbody plus power-law model presented in Section 3 was
statistically pleasing, the implied thermal origin for the soft excess
is questionable. Given the relatively large black hole mass, even
for the highest Eddington accretion rate measured in Section 4, a
standard accretion disc extending down to 2 l'g would peak at a
temperature of kT ;::~ 45 e V. Any blackbody disc component in l ES
1927 -t-654 should have a temperature that is less than one--quarter
of what we measure in the X-rays. In general, the lack of T ex
M -l/4 relation between the black hole mass and disc temperature
observed in samples ofunobscured AGN (e.g. Cmmmy et al. 2006)
suggests a non-thermal origin for the soft excess. Both absorption
(e.g. Gierliiiski & Done 2004) and blurred reflection models (e.g.
Cmmmy et aL 2006) can be used to describe the shape of tl-te soft
excess via atomic processes, and we will attempt such models to
describe the spectrum of 1ES 1927+654. In doing so, we will also
be testing some of the scenarios that have been put forth to describe
the chamctelistics of lES 1927+654.

5.1 Neutral

p~lrtial

covering

\Ve consider the scenario in which the intrinsic power-law continuum is partially obscured by a neutral absorber that lies along the
line of sight. The observed X--ray emission is then the combination of the primary emitter and a highly obscured component. Such
models have been proposed for type.. l Seyfert galaxies with relative
success in fitting the spectrum (e.g. Gallo et aJ. 2004; Tanaka, Boller
& Ciallo 2005; Gmpe et al. 200R)_
Since the XMM-7Vewron and Suzaku observations were sepaxated
by only about one month, we assumed that the primary emitter
(e.g. the power-law component) rem:Jined constant in shape and
normalization and that only changes in the absorber (i.e. the covering fraction and column density) would be necessary to describe
the differences at the two epochs. The simplest case of the single
absorber resulted in a mediocre fit (X~ jd.o.f. = 1.18/1226; Fig. 4

425

1.75

·.8

.:!

0.5 f------+--+--+--+-+-+-+-----+---+-->----+---+---+---+->--1

o.sL-~~-~~~"---'-----~--~-~-~~~~___._:

10

Observed Energy (!reV)

f'igm:l' 4. Top panel: the residuals remaining from titling the JU,!JM-Newton
and Su~aku spectra with one neutral absorber partially covering the powerJ:nv source. The changes are attributed to varbtjons jn the covering fraction
and column denshy at each epoch. Lower p3JJel· the residuals rerncdning
from fitting theXAfM-- Newton and Suzaku spectra with two neutral absorbers
partjaJJy covering the povver-law source, ln this case, t..~e variations from one
epoch to the next m·e attributed to chac'lges in the covering fraction of only
one absorber. See t.>te text and Table 3 for details.

top panel). The addition of a second absorber (i.e. neutral double partial covering) was favourable, as ar1 improvement could be
achieved by changing only the covering fraction of the second absorber (2lx 2 = 43 for one additional free parameter). The model
and quality of !it are shown in Table 3 and Fig. 4 (lower panel),
respectively.
The two absorbers have considerably different densities, which
could be indicative of a density gradient along the line of sight
as opposed to two distinct absorbing regions (e.g. 'Tanaka et al.
2004). The slightly lower ilux during the Suzaku observation can
be attributed to slightly higher covering fraction while the primary
power-Jaw emission remains nnchanged between the epochs. Al-·
lovving the power-law component to vary along with the absorbers
does not produce a significant improvement
While the fit is reasonable, there are clearly spectral regions
where the model does not adequately fit the data, for example between0.4-0.6keYand 7 lOkeY (Fig.4toppanel). The0.4 0.6 keY
residuals can be improved with the addition of an absorption edge
with rest .. frame energy E "" 0.39 J, 0.01 keY and optical depth r '"
0.66 etc 0.12. Given the energy the feature seems unlikely to originate
from calibration issues around the oxygen edge. We considered the
possibility that the residuals, could be improved by adjusting the elemental abundance. In other abundance tables, like those of Wilms,
Allen & McCray (2000) or Greve sse & Sauval ( 1998 ), the oxygen
abundance relative to hydrogen ca,_q be almost half of what is used in
Anders & Grevesse ( 1989). However, while the adopted abundcmce
table does influence some model parameters, the residuals between
0.4--0.6keY do not change signi!karttly.

5.2 Ionized

p~lrtial

covering

The negative residuals between 0.4 and 0.6 keVresulting from the
neutral partial covering model (Fig. 4) could be indicative of an
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Table 3. Result' from fitting the XMM-Newton and Suzaku spectra with physically motivated models. The model
is slated in column (l). The model components and parameters :rre shown in column (2) and (J), respectively. The
parameter values durjng the X}J!\1---lv'ewton and Suzaku epochs are reported jn colun1ns (4) and (5), respectjveJy.
Parameters that :rre linked between epochs are only reported in one column. The Galactic column density has been
included in all models.
(2)
Component

(3)

(4)

1\Iodel

Par3Jneter

XlvJA1-lVewton

NeutraJ double partjaJ covering

Intrinsic absorption

NH (cm- 2 )

(l.21±0.08)x 1021

Absorber 1

2
iVH (ClTl- )

(l)

8'i6

5

Cr

Absorber 2

l023

0 52'66~
± 1) X 1022

C'f
l
X~ /d.o.f.

3.27 ± 0.06
l.J 5/L'.25

Intrinsic absorption

NH (ern -l)

9 23~~~~ x 10'0

Absorber 1

lVu (em -:2)

6.6:6:~ x 1o23

Power law
Fit quaJity
Ionized double partiaJ covering

(7

X

(5)
Suzaku

0.64

± 0.03

0.34

± 0.09

log(?;J

Absorber 2

Po-..ver lavv
Fit quality
Blurred reflection (A)

Intrinsic abwrption

Ct

za

0.49 ±OJ J
--(l30 ± 0.01

NH (ern -l)

3.34=f:6 X 1022

log([;)

-0.54 ~~~:~b

Cr

0.28'~!~~

za
r

--0.30 ± 0.01

x~/d.o.f.
]\lu

(em - 2 )

0

2.78 ± 0.07
1.01/12:21

s.oo:+-i: ~i. x

10

20

Power law
Ecut

Blurring

q
(rg)
Rout (rg)

~'..31

± 0.05

400(
86 ±]

;n

Ape

± 0.04

4.1

Rifl

Reflection

2.36

30f/

2.78'iS~

(Fe,lsolar)

38A~i~~
Fit quality
Blurred reflection (B)

± 0.05) X 1020
2.43 ± 0.05

(4.40

Intrinsic absorption
Po\ver lavv
17

L..:.cut

Blurring

0.96/1222

,!d.o.f.

30({

sf

qin

(rg)

1.5!

Rout (rg)

AOCJI

Rin

Rhreak

(rg)

st

Reflection
~

Fit quality

X 1~ ;'d.o.f.

0.96/1222

"The redshifts of !be partial covering components in this model are linked.

absorber with some level of ionization. A moderately ionized absorber will preferentially remove inte1mediate energy X-rays giving
rise to a spectral break in the 0.3-10 keV band generating a soft excess and it could account for some of the Jow .. energy residuals.
As with single neutral partial covering. a single ionized absorber (zxipcf in xspec) was a modest Jit to the data (X,~/d.o.f. =
1.32/1225: Fig. 5 top panel). A considerably bet1er fi1 could
be achieved with the addition of a second ionized absorber. We
tested various combinations of parameters 1o de1ermine which were

the most important to describe the spectra in a self-consistent
manner. We de1enniued that an excel1en1 fi1 could be obtained
(X~ jd.o"f. = LOl/ 1221) when the covering fraction of each absorber was allowed to vary at each epoch (Table 3 and Fig. 5 lower
panel), but vve also recognize that the power-lavv photon index is
considerably steeper than is nonnally seen in AGN (likewise for the
neutral partial covering model). In addition, we found that the best
fit was achieved when the absorbers were significantly blueshifted
with respect to the source frarne, consis1ent with an outflow of
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0
1.15

1

10

Observed Energy (keV)

1.5

f"igurl' 6. The residual:> based on an edge-on dusty toms model fitted to the
data.

Observed Energy (!reV)

f"igm:l' 5. Top panel: the residtmls remaining from titling r.he XMM-Newton
and Su~aku spectra with one ionized absorber parthtlly covering the powerJ:nv source. The ionization parameter, covering fraction and colun1n density
of the absorber are allo\ved to vary at each epoch. Lo\ver panel: the improved
residuals from the addition of a second ionized absorber are shown. The
variations fron1 one epoch to the next are attributed to changes in the covering
fraction of each ionized absorber. See the text and Table 3 for details.

90000 _1:_ 3000 km s--l (0.30 :1. O.ol c: ). Tbe value of the blueshift
was tightly constrained independent of the uncertainty in other covering parameters like the column density, covering fraction and
ionization.
We note the ionization parameter of the second absorber is rather
low log (0 ;: : : 0.54 and could perhaps be described witb another neutral absorber instead (e.g. ztbabs). The fit was significantly poorer than tbe double ionized absorber, but acceptable
(x,;'/d.o.f. '" 1.05/1222). We do not test vmious combinations of
cold and warm absorbers any further. In all likelihood, tbe absorbers may not be distinct regions with different densi1ies, but a
single region with some density and/or ionization gradient. Comparing 1he residuals [rom the ionized and neutral partial covering
models (Figs 4 and 5) shows that the ionized partial covering is
favoured. The deviations between 0.4--D.6 keY and 7--lOkeV seen
in the neutral absorber model are considerably improved with the
ionized absorber.
l f the partial cove1ing model were cmTect it would only have a
small impact on t~e Eddington ratio estimated in Section 4. The unabsorbed X--ray luminosity in this model is approximately 3.5 limes
greater 1han 1he value used in Section 4, 1hereby increasing 1he
bolometric luminosity only slightly. The unabsorbed putative disc:
would still dominate and the upper limit on the Eddington ratio
vvould only increase to about 0.13.

5.3 Compton-tiliek absorption
There has been speculation that lES 1927 +654 could be a
Compton-tl-tick source. Indeed, Bianchi et al. (2012) found that
some true Sy 2 candidates were in t!Jct Compton-1hick. \Vith observations available in the 0"3-50keV band (i.e. including the PIN
null detection), we can test this model more robustly. For this purpose, we used the model MYTorus (Murphy & Yaqoob 2009). in
whic:b we view the central engine through some fraction of the torus.

Reasonable fits were established, but only in cases with low, face-on,
inclinations (i ;::;, 0"), which would be indica1ive of no absorption
from a torus. Attempts to iix the disc inclination more edge-on
(i ""' 85") generated very poor fits (Fig. 6 ).

5.4 Ionized disc reflection
ReJl.ection from an ionized disc blurred for relativistic effects close
to the black hole is otten adopted to describe 1he origin of the soft
excess (Ballantyne, Ross & Fabian 200 l; Ross & Fabian 2005). and
has been successfully fitted to the spectra of unabsorbed AGN (e.g.
Fabian et aL 2004; Crummy et al. 2006; Ponti et al. 2010: Walton
et al. 2013 ). \Ve consider this scenario 1o desClibe the spectra of
lES 1927+654 and the variations between the two epochs.
Given that the observations were obtained within about one
month of each o1her and that the AGN is in a similar flux state,
we do not expect significant variations. Initially, only the power-law
slope and nom;alization, and the rellec:tor ionization a,_r;d nonnalization were permitted to vmy. The bhm·ing parmneters vvere fixed to
default values and linked between the two observations. The model
produced a reasonable fit (x;/d.o.f. '" 1.04/1224).
\Ve examined each individual parameter and then combinations
of parameters, to detennine which variables would improve 1he
fit most significantly" We determined that the fit was substantially
improved u~x 2 "" 104 for two additional free parameters) only
vvhen the inclination and iron abundance were free to vary [Fig. 7
and see blurred reflection (A) in Table 3]. The iron abundance was
found 1o be about 1wice the solar value (AFe '" 2.78 1 ::~:;) and the
disc was significantly inclined (edge-on, i = 86 ± l"' ). Permitting
more than these 1wo additional parameters to va;y did not improve
tl-te quality of the fit. We further examined how tl-te two parameters
depend on eac:b other and found that they influence each other rather
modestly (Fig. 8 ).
We note tbat the measured inclination is rather extreme while
the emissivity index is fixed lo q '" 3 as expected from lamp--post
illumination at a large distance. However, the quality of the fit does
not change if tbe emissivi1y is fixed to values of q > 3. Similarly,
while the disc inner edge \Vas initially fixed to Rin "" 4.5 rg, the value
in the current fit could he reduced to Rm = ~Ll rg and still achieve a
perfectly acceptable tit
"' 0. 99).
In fact, a second blurred reflection model that is more relativistic
innatme tits the spectra equally well. ln this case, we fixed 1he inner
emissivity index to qm "" 5 m1d the disc inner edge to Rin '" l .5 rg
[see blurred reflection (B) in Table 3]. Wbile the iron abundcmce
and ionization parame1er s1igh1ly decrease in this relativistic fit, the
inclination still remains high (i ;"' 90'').
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f'igurl' 9. The 0.5--2keV light curve of lES 1927+654 over the
past ~- 20 ye3Is. The n1ission from which the data 3Ie obtain is labelled
beside each poinL The vertical bars represent the range between tninirnun1
and maximum flux that is observed at that epoch.

The two blurred reflection models demonstrate that compact geometries for the primary emitter cannot be ruled out, but the fit
shows a preference for high inclinations. We also note there are no
dominant Fe KtY emission features in the spectmm, so t~e blurred
reflection models are primarily Jit1ing the soft excess.

6 TIMING ANALYSIS
f'igurl' 7. Top panel: the blurred reflection model. (A) for the Suzaku FI
(red) and XA1M--Newton (black) data. The somce is power law dominated
over the entire X-ray hand at both epochs. Lower panel: the residuals from
the rnodel fit jn_ the 0.3-10 keY band.
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In Fig. 9, the 0.5 2 keV light curve of l ES 1927+654 over the
past ~-20 years is shown. The vertical bars mark the range between
minimum and maximum flux that is observed at each epoch. The
Xl'v1M-Newton and Suzaku fluxes are measured from the blackbody
plus power-law model described in Section 3.2. Fluxes from the
earlier data are estimated from the count rates and models presented
by B03 using WEBPLVIMS_'
lES 1927 +654 varies significantly during all observations. On
average, the Xl'v1M-Newton and Suzakn observations catch l ES
1927+654 at lower X-ray Jiux levels than have been previously
observed.
In this section, we examine the variability of the AGN during the
XMiVf---Newton and Suzaku observations. The short, uninterrupted
Xl'v1M-Newton observations will provide the opportunity to examine
the rapid variability (i.e. over hundreds of seconds) with high count
rates. The Suzaku observation is i1Jtem1pted every ~'5.7 ks due to
Earth occultation, but the longer duration of the observation allows
us to study the variability over-~ 1.5 d.

6.1 Rapid and large amplitude variability
85.5

86

86.5

87

Inclination (degree)

l<"igure 8. A contour plot of the bluned reflection model (A) fit with varying
inclination and iron abundance. The contour lines are drawn 3Iound Ax 2
values of 3. 5, and 9.

One of the distinguishing characteristics of l ES 1927+654 from
ROSAT observations was the rapid variability, comparable to vvhat

2

http://heasarc .gsfc.nasa.gov/Tools/w 3pimrns.htrnl
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is seen in NLSls (Boller 2000; B03). Even at this lower flux level.
the AGN continues to exhibit impressive variability.
The broad-band (0.212 keV) pn light curve is shown in Fig. 10.
The va.riability is persisten1 over the 30ks. During the largest flares
the count rate changes by more than a factor of 3 in about a thousand
seconds. We cakulated the radia1ive efficiency (ry) assuming photon diffusion through a spherical mass of accreting material (Fabian
1979). The most rapid rise seen in the light curve ccmesponds to
a luminosity change of 8.95 x 1042 erg s- 1 in about 900 s (rest
frame). However, as l ES 1927+654 is a relatively low-luminosity
AGN the lower limi1 on the radiative efficiency is '7 :=::: 0..5 percent.
Anisotropic emission or a maximum spinning black hole is notrequired 1o describe 1he large amplitude vmiability in ms l 927 +654.
Light curves were created in several energy bands between 0.2
and 12 keVto compare the variability at different energies. All of
the energy bands examined exhibited persistent variability. Given
the highly variable light curves from 1ES 1927 +654. we decided to
perfonn a search for lags in these data. To date, over a dozen AGN
display reverberation lags (e.g" Fabian et al. 2009, Fabian et al. 2012:
De Marco e1 aL 2011; De Marco e1 aL 2013; Ernma,_'loulopoulos,
McHardy & Papadalds 2011: Zoghbi et aL 20 12)" \Ve initially search
for lags between two bands, a soft band (OA---1.5 keY) where the
soft excess is strong, and a hanl band (2--4keV) domina1ed by 1he
power law. \Ve extracted light curves in these bands using 20 s
binning. From 1hese light curves, we calcula1e the cross spectrum
and determine t~e phase lag from the argument of the cross spectrum
(see Nowak, Wilms & Dove 1999. for a de1ailed description). The
time lag is simply the phase lag divided by 2nf, where f is the
Fourier frequency. We find no signiilc:am lag hel\,/een these two
bands (see Fig. ll) even when we combine the firs1 two data points
at the lowest frequencies.
Hardness ratios (HR '" ff ---- S j H + S; where l1 and S are the count
rates in the hard and soft band, respectively) as a function of time
were calculated between all the energy bands. A few examples are
shown in Fig. 12. The degree of vmiability depends on the energy
bands being compared. The variations were most significcmt when
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Fignrc 12. The hardness ratio plotted for various energy ba,.'lds as a function
oftilne. The light curves are bhmed in 1 ks intervals to improve statistics. The
degree of variability differs depending on the energy bands being compared.

the intenuedia1e bands were compared to the softest bands (see 1he
upper and middle par1els of Fig. 12).
The 0.5 lOkeV F[ CCD light curve is shown in Fig. l 3 with bins
corresponding to orbital time-scales (5760 sL The variability is very
similar to 1hat exhibited during 1he XMM--Nevvton observation.
The Fvar in va.rious energy bands is calculated follovving Edelson et al. (2002) and uncertainties are estimated folimving Ponti
et al. (2004). The XMM--Newton light curves are in 500 s bins while
tl-te Suzaku light curves are in 5760 s bins" The Fvar spectrum from
the XMl'Vf--Newton and Suzaku observations are shown in Fig. 14.
The spectrum shows the ampli1ude of the va.riability peaks at intermediate energies resulting in the bell-shaped F,,,,. that is commonly
seen in unobscured Seyfert gala.xies (e.g. Gallo et al. 2004: Ponti
et al. 2010L
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\Ve considered if the bhmed reflection, neutral partial covering
and ionized partial covering spectral models presented in SectionS
could describe the spectral variability seen in Fig. 14. ln all three
cases, we considered the possibility tl-tat the variability was caused
by changing the normalization of 1..'1-te power.. law component alone.
The models are overplotted on the Fvar spectra in Fig. JA. The ionized partial covering describes the variations very well. We note
that in unabsorbed sources, the rapid variability is often attributed
to variations in the power-law component, and it is reasonable to expect that such variability is taking place even when line-ot~-sight ab..
sorption is present. However. vaxiations in covering fraction and/or
column densities have been observed, even on time-scales of less
than about l--2 d (e.g. Risaliti et al. 2005: Turner et al. 2008). We
return to this in Section 6.2 and consider variations in t~e covering
fraction.
Varying the power-law nmmalization in t~e blurred reflection
model gives a reasonable approximation of the P'var spectrum. The
model broadly describes the amplitude, peak and general shape of
the P'var spectrum, bm there are clearly inaccuracies.

0.5

2.5x104

5x104
7 .5x104
Time(s)

105

1.25x10'

F"igurl' 13. The 0.5 -10 ke V Suzaku light cmve binned in orbital time intervals (5760 s).
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6.2 Flux-resolved spedroscopy
It stands to reason the variability model (i.e. power law varying in
brightness) presented above is an oversimplification. For example,
in the blurred reflection model. when varying the brightness of
the prima_ry emitter (whether by intrinsic fluctuations or via light
bending, Minimti & Fabian 2004), there should be variations in the
dependent parameters of the reflector (e.g. ionization and reflected
flux).
To determine if more complicated (but more realistic) variability
is required, we created flux-resolved spectra of lES 1927+654
in low- ( <6 counts 1), medium- (6-7 counts 1), and high-Jl.ux
(>7counts- 1 ) states. 3 Fitting the three states with the average
blurred reflection model, bm allowing for changes in the powerlaw normalization resulted in a good lit (X~/d.o.f. "' 1.04/1421).
The fit was significantly improved (.C.x 2 = 83 for three addition
free parameters) when we allowed the ionization of the rell.ector lo
vary along with the power law. (Fig. 1.5) The changes in the ionization are well correlated with the flux in the reflection component
(Fig. 16) as would be expected (e.g. Miniutti & Fabian 2004). The
fits to the flux-resolved spectra demonstrate that in tenns of the
blmTed reflection model the variability is more complicated than
;.vas assumed for Fig. 14, and completely consistent vvith general
AGN behaviour.
For the ionized partial covering model, we also considered if
chcmges in the covering fraction alone (i.e. constant primary emitter) could describe the various flux slates. The three spectra could be
well fitted (X,~/d.o.f. = 1.02/1419: Fig. 17l by allowing only the
covering fraction of each absorber to vary. ln this scenario, the cov·
ering fraction of the highly ionized absorber dropped from ~-58
to ~42 per cent between the high and low state. The covering
fraction of the colder absorber dropped significantly from -~40
to ··-· 2 per cent bet;.veen the high and low state.

OL---~~~~~~~1------~--~--~~~~~10~

Observed Energy (keV)

F·igure 14~ Opper panel. the fractkHtal variability spectrum frorr1 theXlvfl\1observation calculated using 500 s binning of the light curves. The
fracticmal variability expected from the best-fitting spectral models assuming
the fluctuations are donlinated by the povver-law con1ponent are overplotted.
Lower panel: the same as above, but for the Suzaku data using 57 60 s binning
of the light curves.

J.Ve~vtun

7 IHSCI.JSSION
These XiV[l\1!--Newton and Suzaku data provide the first high signa] ..
to-noise observations of lES 1927+654 above 2keV. For the f,.rst

3

The average, observed 0.3-lOkeV flux in each level frorn low-to-high is
approximately 0.8. 1.1 and 1.5 x 10 ·ll erg em 2 s
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J?igure 16~ The conelation bet\veen the ionization parameter of the reflector
and the 20--50 keV flux of the power-law (top panel) and reflection (bottom
panel) con1ponents derhred fron1 the blurred reflection modeJ description for
the )(kiM--Newton flux states (Fig. 151. The correlation follows the expected
behaviour that would occur as the flux iiluminating the disc varies.

0.75

Energy~e~

1<-igure 15. Top panel: the blurred reilection models used lo de:>cribe the
various flux states during the XMM--Newton observation. The differences
can be described by changes in the jonization pararneter of the reflector as
would arise from changes ln the ilux of the source illuminating the disc.
Lower panel: the residuals remaining at each ftux state based em the model
described jn the top panel.

time, the existence of a soft excess below about 1 keV has been
conJinned, and an upper limit on a narrow Fe Kcx line and Compton
hump have been established. 1l1e 0.3--10 ke V spectra are well fitted
vvith the standard traditional models, in particularly the blackbody
plus power-Jaw model. The photon index (r ""' 2.3) ih'ld blackbody
temperature (kT '"' 170 eV) are both higher than the canonical values,
but within observed ranges (e.g. Nandra & Pounds 1994: Crummy
et al. 2006). There is a small level of cold absorption required
(5-10 x l0 20 em- 2 ) for every model attempted, whie h caul d be
associated with either the ACJN or the host galaxy.
lES 1927 +654 exhibits rapid and large an1plitude fiux and spectral variations. The bell--shape seen in 1he F,,,,. spectrum resembles
the typical curve seen in unabsorbed, type-1 Seyfe11s, in particularly
those ofN1"Sls (e.g. Gallo et al. 2004: Ponti et al. 2010). The F,,,.
spectra and flux--resolved spectra can be well described by ei1her a
blurred reflection model or by an ionized double partial covering
model. ln terms of blurred reilection. the rapid variability could be
described by changing brightness of the ptimary emitter and C(mesponding changes in the ionization of the reflector. Variability based
on the ionized partial covering model can be described by changes
in the covering fraction while the power-law component remains

constant. The vaxiability seems 1o be in line with vvhat is predicted
by each model.
The partial coveting models are pure absorption models in that
tl-tey do not include Compton scattering (e.g. Miller & Tl.rrner 2013)
or the fluorescent emission 1hat accompanies photoelectric absorption (e.g. Reynolds et al. 2009). If the partial covering models
could be described in this standard way, then a narrow Fe Ka
emission line is expec1ed to accompany the absorber. The denser
absorber (Nn ;:,; 66 x Hf2 cm-- 2 ) in the ionized partial covering
model would remove aboutl.8 x w--s ph s·i crn·-c ionizing pho-tons (7.08-20keV) from the Xlv11'v1-Ne<vton spectrum. Assuming
the absorber is isotmpically dis1ributed around the somce. then the
s1rength of the iron line generated from pho1oelectric absorption is
governed by the fluorescent yield. Adopting the fluorescent yield
value for neutral iron (0.34 7; slightly higher for ionized iron) resu11 s
in 6.4 x w- 6 ph s--l cm-- 2 1ine photons being created. Such a feature
would have anE\~,~~ 147 eV in the XMl'Vf--Nevvton spectrum. A sim-ilar exercise for the Suzaku observation predicts a line with EW ~"
101 eV. Such lines should be detected and are inconsistent with the
upper-limit of 30 e V found for a narrow Fe Ka feature in the data.
We note that Yaqoob et al. (201 0) argue that Compton-thick lines of
sight could have much lower Fe KtY Jh1xes (see also Miller, Turner
& Reeves 2009!, rendering our predicted fluxes overestimated.
The expec1ed ilux of the Compton bump in the Suz.aku PiN band
can also be estimated from the strength of 1he predicted i_ron line
using pexrav. The reflection fraction (Rl is estimated from the
equivalen1 width of 1he predicted iron line during the Suzaku observation: R = EW/180eV = 0.56. The 20-SOkeV fiux is estimated
to be about 1.6 x w--ll ergcm-- 2 s·-l, more than double 1he Jh1x in
the pure absorption scenario. However, 1he source would s1ill not
be bright enough to be detected in the Suzaku PlN.
The ionized double pat1ial covering model provides a good fit
to the multi-epoch spectra and the rapid vm·iability. The variability,
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F'igurl' 17. Top panel: the ionized double pmtial covering model applied to
the various t1ux states during ilieXMAf--Ne>vron observation. The differences
can be attributed to changes in the covering fraction of a relatively constant
primary emitter. Lower panel: the residual:> remaining at each flux slale
based on t..'1e model described in the top paneL

both on short and long time--scales. can be reasonably attributed to
changes in covering fraction and a rela1ively cons1ant X-ray source.
However, the best ftt is achieved when the absorbers are outfiowing at a velocity of JJ ;;::; 0.3 c. We note that the detennination of
this blueshift is not driven by any particular spectral feature, but
rather by the broad--band fit, specifically the soft excess. The ionized absorption model has been shown to replicate the soft excess
in AGN quite well (e.g. Middleton, Done & Gierli1iski 2007). The
shape of this soft excess in a sample of AGN is also well modelled
with a blackbody with a temperature between ~100 and l50 eV
(e.g. Gierifnski & Done 2004; Cmmrny et al. 2006). The blackbody
temperature measured in lES 1927+654 was about 170 eV (see Table 2), which is consistent with an average blackbody spectmm seen
in AGN (i.e. kT;;::; 130eV) blueshif1ed by "0.3c The outflowing,
ionized partial covering seems consistent with the high hlackhody
temperature measured in lES 1927+654.
If the wind is launched where v is the local escape velocity,
then the wind must originate very close to the black hole (rrroin ~
(cfv? rg ;;::; 10 rg). Following Fabian (2012), the kinetic luminosity
of the wind. is Lw = Cr/2(rmio/ rg)(vjc)Nu/NT = 0.03LEdcl• where
Nr "" 1.5 x 1024 cm_ 2" and Cj-ancl NH are the covering fraction and
column density of the denser absorber in Table 3. Based on the

SED fitting in Section 4, the Eddington ratio is Lbol/ LEad ;:~ 0. 1,
which would imply that the kinetic luminosity of the wind is about
(:';30 per cent the bolometric luminosity of the AGN. Such values
for Lw do no1 appear unreasonable for ultrafast outflows according
to Tombesi et aL (2012). Hovvever, Tombesi et aL find the inner
launching radius for such winds are on average > 10 times farther
from the black hole than rinin is in 1ES 1927 +654.
The blurred reflection models fitthe specu-al data quite well. However, we canno1 distinguish be1ween ex1remely relativistic models
(e.g. rapidly spinning black hole and compact primary emitter) and
less extreme ones. The Newtonian model [bluned reflection (A) in
Table 3] favours about a factor of 2 overabundance of iron, which
is commonly seen in Seyfert X-ray spectra (e.g. Reynolds et aL
2012: Walton et aL 2013). The ionization parameter at bo1h epochs
is about 350 erg em s--i and falls in the range where Auger effect
is dominated over 1he iluorescence rende1ing weak Fe Ka fea1ures.
In the relativistic model [blum~-d reflection (B) in Table 3], the iron
abundance and ionization parameters are both lower. However, the
more intense blurring describes the absence of distinct fea1ures in
the spectrum. If the soft excess is due to reflection then the inner
disc: must be present. The predicted 20--50 keV flux based on there-flection model is about 1.2 x 10- 12 erg cm- 2 s- 1 and would not be
detectable in the Suzaku PIN. Unfmtunateiy. the null PIN detection
of l ES 1927+654 alone does not allow us to eliminate any of 1he
potential models.
Both rellec:tion models predict a high inclination (~·8Y) consistent with an edge-on disc. As witl-t the need for a high velocity outflow in the partial covering models, 1he preference for
an edge-on disc is largely motivated by the 'bluer' soft excess
seen in iES 1927+654. ReJl.ected emission will be more highly
beamed in the disc plane thus the reflection component in the spec-tmm should appear shifted to higher energies. The high inclination
would also be manifested in the blue wing of the Fe Ka line,
but since tl-te fluorescent line is wea.k (eit~er due to the Auger effect dominating or extreme blurring), the spectral feature is not
signif]cant.
This is intrigning given the Sy2 natme of lES 1927+654
exhibited in the optical band (B03), and arguments that this is a
tme Sy2 based on optical and near-infnu·ed observations (Panessa
et aL in prepara1ion). A1 face-value, this would indicate that l ES
1927 +654 is orientated like an Sy2 in X-rays and optical, bu1 void
of the absorption that is associated with the torus. The small level
of cold absorption (--·~ l 0 21 em --c) could be from a toms 1hat is currently in some evolutionary state. TI1is could be confinned wit~
mid--infrared data to measure the toms emission.
The works of Tran et al. (2011) and Wang et al. (2012) propose
two different scenarios to explain the absence of the BLR in some
AGN. Tran et al. predict that such objects would be old systems
and conld be identiJied by very low Lj LEcid values, while Wang
et al. sngges1s that such objects are yonng and would exhibit high
Eddington ratios. The SED measurements presented in this vvork
show that lES 1927+654 may be a 1ypical AGN with an Eddington
ratio between 0.014 and 0.11. These values appear inconsis1ent with
the predictions of both Tran et al. (2011) and Wartg et al. (2012).
Neglecting the effects of absorption momentarily, if the disc, and
consequently the BLR, are seen edge-on as the blurred reflection
models suggest, then the Doppler broadening of the BLR lines
could be quite extreme. TI1ese very broad lines could be difficult
to distinguish from the optical continnum. B03 measme the upper
limit on the flux of a broad Ha component to be <5 percent that
of the narrow component. but it is not clear what the width of this
featnre is.
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8 CONCLUSWN
lES 1927+654 is a perplexing object that challenges the standard
AGN nniftcation model exhibiting optical properties of absorbed
systems and X-ray prope11ies ofunobscured systems. According to
our SED measurements, lES 1927+654 exhibits a typical Eddington ratio and the absence of its BLR cannot be easily attributed to
current models t~at call for ve1y high or very low L/LEctd· Based
on X-ray spectral models, we speculate that lES 1927+654 could
be an edge-on system (i.e. like a Sy2), with a standard accretion
disc that extends to the inner regions, but viewed through a tenuous
torus. Future optical and mid-infrared observations could test this
hypothesis. Future observations with NuS TAR (Harrison et al. 2013)
and A STRO-H (Takahashi et al. 2012) would produce high-quality
data above l 0 ke V that would distinguish between t~e two proposed
X-ray models.
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